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CC BY-NC-ND license (http://creativeBackground/Purpose: Iron deficiency (ID) is the most common cause of anemia. The aim of this
study was to investigate patients with oral mucosa alterations as the initial manifestation of ID
or ID anemia (IDA).
Methods: Sixty-four patients (50 IDA and 14 ID) with a wide range of sore mouth were diag-
nosed and treated. The oral and physical manifestations as well as iron studies and anemia
classification based on the mean and heterogeneity of red cell size were assessed.
Results: ID predisposed 64 patients to a high incidence of Candida infection (85%) and showed
a variety of oral manifestations including angular cheilitis (63%), atrophic glossitis (AG; 59%),
pseudomembranous candidosis (44%), erythematous candidosis (41%), median rhomboid glos-
sitis (5%), chronic mucocutaneous candidosis (5%), papillary hyperplastic candidosis (3%),
and cheilocandidosis (3%). Others included pale oral mucosa (31%), burning mouth (28%),
and recurrent oral ulcers (6%). Colorectal cancers in two patients were diagnosed. The values
of hemoglobin (Hb) in 64 ID patients varied from normal to life-threatening levels, but none
had developed advanced systemic symptoms except fatigue. All had low serum iron and
ferritin. Sixty (94%) patients had transferrin saturation < 16%; however, 19 (30%) patients re-
mained normocytic and 14 (22%) patients were nonanemic.
Conclusion: The study demonstrates that oral mucosa alterations accompanying oral candido-
sis are a sensitive indicator of ID. All oral changes can be successfully ameliorated by iron ther-
apy plus antifungals when candidosis exists. Investigating the origin of IDA is necessary,
because it may be the first sign of a more serious disease, particularly malignancy.
Copyright ª 2016, Formosan Medical Association. Published by Elsevier Taiwan LLC. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).as no conflicts of interest relevant to this article.
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620 S.-Y. LuIntroductionThe oral manifestations of stomatitis and glossitis in nutri-
tional deficiency have long been recognized. Iron deficiency
(ID) is the most common nutritional deficiency. It causes
approximately half of all anemia cases worldwide. The
prevalence of IDA in the United States varies widely by age,
sex, and race, with 2% in adult men, 9e12% in white
women, and nearly 20% in black women.1 The incidence of
ID in Taiwan is 2.1% in males and 10.7% in females, and the
rate of IDA was 0.2% in males and 2.1% in females.2 In
conclusion, ID is relatively common in females and should
be considered an important issue in women’s health.
However, most patients with IDA or ID without anemia are
not well diagnosed and treated.1,2
Most iron is assiduously conserved and recycled for use in
heme and nonheme enzymes by the reticuloendothelial sys-
tem from senescent red blood cells (RBCs). The daily total
amount of iron absorption for healthy people is about 1e2mg
that can normally compensate for daily iron loss through the
shedding of epithelia of about 1 mg for men and 1.5e2mg for
women with regular menstrual periods.2e4 Once iron is
absorbed, it is bound and transported via transferrin and
stored in ferritin molecules. The sum of all iron-binding sites
on transferrin constitutes the total iron-binding capacity
(TIBC) of plasma. Under normal circumstances, about one-
third of transferrin iron-binding pockets are filled. TIBC
often elevates in the presence of ID, as a futile attempt to
gather more iron. Serum ferritin is the preferred initial
diagnostic test.1e5 However, individuals may have ferritin in
the normal range in spite of being iron deficient (false neg-
atives), because ferritin as an acute-phase reactant can be
elevated in a wide variety of inflammation including infec-
tion. So, a ferritin test ismeaningful if scoredabnormally low,
but less meaningful if the measure is normal.
There is no physiological mechanism for excretion of
excess iron from the body other than blood loss. ID is
frequently caused by inadequate intake, hampered ab-
sorption or blood loss, such as menstruation, pregnancy,
vegetarian diets, use of acid-reducing medication, peptic
ulcers, total gastrectomy or chronic bleeding from colon
cancer, uterine cancer, parasite infection, intestinal
polyps, or hemorrhoids. In women of childbearing age,
excessive menstrual loss is the most frequent etiology,
while in postmenopausal women and in males, digestive
diseases are the main causes.1e4 Since IDA has physiological
and pathophysiological causes, the origin of IDA must be
established; otherwise, serious disease may be overlooked,
particularly malignancy.2e4
Iron is critical for the growth and differentiation of all
cells. Iron plays an important role in oxygen transport,
electron transfer, and serves as a cofactor in many enzyme
systems, such as peroxide-generating enzymes and nitrous
oxide-generating enzymes that are critical for immune cells
to function normally.4e11 So, ID can cause lower immunity
to infection because of the impaired cellular immunity,
deficient bactericidal activity of polymorphonuclear leu-
kocytes, inadequate antibody response, and epithelial
abnormality.8e13 It also causes reduced work capacity in
adults and impact motor and mental development in chil-
dren and adolescents.8e13Continued ID may progress to anemia and worsening
fatigue. A wide range of symptoms eventually emerges,
either as the secondary result of anemia or as other primary
results of ID. Nevertheless, ID evolves silently and slowly
through several stages. None of the symptoms are specific
or sensitive.2e7 Fatigue, the most common reason to check
hemoglobin (Hb), is caused by anemia in only one out of
every 52 patients in primary care practice.4 However, the
diagnosis of nutritional deficiency and anemia from oral
mucosa changes can be established in the absence of
symptomatic anemia or even in the preanemic stage.14e17
Mounting evidence reports that angular cheilitis and
atrophic glossitis (AG) are the most common oral manifes-
tations of IDA. Angular cheilitis is considered a component of
chronic multifocal candidosis.18 AG is well known as acute
atrophic candidosis or Candida glossitis.14e19 However,
atrophic candidosis is not always acute andmay last formany
months. Furthermore, atrophic candidosis has been revised
as erythematous candidosis because > 60% of cases show
increase in the epithelial thickness rather than atrophy.19
Higgs and Wells20 reported that 23/31 patients with chronic
mucocutaneous candidosis were iron deficient. A variety of
nutritional factors including deficiencies of iron, folic acid,
vitamin B12, and diets rich in carbohydrates have been
implicated in the pathogenesis of oral candidosis, especially
in those who have no other obvious causes.17 The value of
hematological studies in the investigation of patients with
sore mouth that are unexplainable is important.15e21
The aim of this study was to investigate patients with
oral mucosa alterations as the initial manifestation of ID or
IDA. Additional evidence in the management of ID and oral
mucosa changes is discussed.Methods
The study was approved by the necessary Institutional Re-
view Board of Chang Gung Memorial Hospital. A total of 64
consecutive patients (52 females and 12 males, aged
16e76 years) with a wide range of sore mouth problems
visiting the Oral Medicine Clinic of the study hospital be-
tween July 2002 and June 2015 and finally diagnosed with
IDA or ID without anemia, were included in this study. Data
were retrieved from the chart notes made at each visit.
Those patients with coexistent folate or vitamin B12 defi-
ciency, thalassemia minor or anemia of chronic diseases,
and diseases of the liver or kidney were excluded from this
survey. A full medical history was recorded including diet,
medication, previous operations, abnormal bleeding his-
tory, and previous care regarding sore mouth. Patients were
investigated to determine if they had any generalized
symptoms and signs of anemia such as weakness, tiredness,
exertional dyspnea, pallor, tachycardia, postural hypoten-
sion, and neuropathy.
The oral complaints and the presence of oral mucosa
changes were recorded. The diagnosis of any of the forms
of oral candidosis is essentially clinical and is based on
recognition of the lesion. It is usually not necessary to
perform a biopsy except candida leukoplakia.22 The
response to antifungals indicates that oral candidosis is the
etiology. Microbiological studies are required when there
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when the antifungal drug dosage needs adjustment, as in
immune deficient patients. However, the detection of
Candida in the oral cavity is not indicative of infection,
since it is a common commensal organism in the mouth.22
All patients underwent hematological investigations
consisting of complete blood counts. The report of auto-
mated blood counts included Hb, hematocrit, mean
corpuscular volume (MCV), and red cells distribution width
(RDW) measured as standard deviation. Proposed classifi-
cation of anemia in the study by Bessman et al23 of MCV and
RDW was used. The assessment of serum levels of ferritin,
iron, TIBC, serum B12, and folate was made when nutri-
tional deficiency was highly suspected. Liver or kidney
function tests were undertaken when history and physical
examination suggested existing renal disease or liver dis-
ease. Each patient had been consulted by a hematologist or
medical doctors for further evaluation and treatment.
Patients were diagnosed as having IDA when men had
Hb < 13 g/dL, women had Hb < 12 g/dL, and all of them
had serum iron level < 60 mg/dL according to the World
Health Organization criteria.3 ID is further characterized by
a low serum ferritin and low transferrin saturation (Fe/
TIBC < 16%) or a high TIBC.1e5 IDA is described classically as
an anemia of being microcytic, hypochromic (perhaps the
most important, even more than the microcytosis), and
elevation of RDW (often the earliest hematological mani-
festation of ID, but not in thalassemia trait nor in chronic
inflammatory illness).1,15
Laboratory normal ranges were: Hb 13.0 g/dL (male) and
12.0 g/dL (female), MCV 80w100 fl, MCH 26e34 pg/cell,
hematocrit 36e46%, RDW-standard deviation 40w45 fl, red
blood cell (RBC) count 4.5e5.9  106/m (male) and
4.0e5.2  106/m (female), serum iron 50w160 UG% (male)
and 40w150 UG% (female), TIBC 250w400 UG%, serum
ferritin 102 (21w453) ng/mL (male), 28 (6w142) ng/mL for
females < 50 years old and 94 (16w412) ng/mL for females
older than 50 years old, serum folate > 2.5 ng/mL, and
serum B12 160w970 pg/mL.
The degree of anemia was scaled as mild (Hb 10.0 g/dL
to normal limits), moderate (Hb 8.0e9.9 g/dL), severe (Hb
6.5e7.9 g/dL), and life-threatening (Hb < 6.5 g/dL) by Hb
level. Categorical data such as MCV, RDW, TIBC, and
transferrin saturation between ID and IDA at different
stages were analyzed by using Fisher’s exact test. A value of
p < 0.05 was considered statistically significant.
Results
Symptoms and signs
A total of 64 patients with awide range of ages (16w76 years)
and female predominance (52/64, 81.3%) complaining about
mostly oral symptoms led to the diagnosis of IDA in 50 (78%)
patients and ID without anemia in 14 (22%) patients. No gross
abnormalities of diet, surgery, the effect of medications, or
severe systemic problems like liver or kidney diseases were
detected among these patients except for mild diabetes in
two patients and being vegetarians in six patients. The origin
of ID included excessmenstrual loss,malabsorption, stomach
ulcers, hemorrhoids, vegetarianism, malignancy, andunknown causes. In most females of childbearing age, excess
menstrual loss was the most frequent etiology, while in
postmenopausal females and in males, digestive diseases
were the main causes. Colorectal cancers by endoscopic
study in one female and one male with severe anemia were
diagnosed. Twenty-eight patients were severely anemic and
extremely pale without complaints about symptoms of ane-
mia except easy fatigue.
ID predisposed 64 patients to a high incidence of Candida
infection (85%) and resulted in a variety of oral mucosa al-
terations including angular cheilitis (63%), AG (59%), pseu-
domembranous candidosis (44%), erythematous candidosis
(41%), median rhomboid glossitis (5%), chronic mucocuta-
neous candidosis (5%), papillary hyperplastic candidosis
(3%), and cheilocandidosis (3%) (Table 1 and Figures 1 and
2). Others included pale oral mucosa (31%), burning mouth
(28%), and recurrent oral ulcer (6%). ID glossitis with
different degrees of papillary atrophy was often accompa-
nied by pseudomembranous or erythematous candidosis and
individuals showed pain on eating spicy or hot diets.
Analyses of complete blood count, serum iron,
ferritin, TIBC, and iron saturation
Sixty-four ID patients showed diverse degrees of anemia,
with normal to life-threatening conditions by Hb levels
(Table 2). The simple blood cell count in 37 (58%) of 64
patients strongly suggested IDA, the characteristic pattern
of microcytosis (MVC< 70 fl), hypochromia, and elevation of
RDW. They presented in four (40%) of 10 patients with mild
anemia, eight (75%) of 12 patients with moderate anemia,
17 (85%) of 20 patients with severe anemia, and eight (100%)
of eight patients with life-threatening anemia, respectively.
The incidence of low MCV (p < 0.0001) and high RDW
(p Z 0.0077) between ID and IDA at different stages indi-
cated a significant difference (Table 2). It clearly illustrated
a tendency that the more the progression of anemia, the
higher the incidence of typical heterogenous microcytosis.
However, up to 19 (30%) ID cases remained normocytic and
15 (23%) cases were homogenous (normal RDW). The RBC
was low in 29 (45%) cases, but normal in 35 (55%) patients.
All had low serum iron and normal serum cobalamin and
folate. The transferrin saturation was < 16% in 60 (94%) pa-
tients, and extremely low at 0.2e5% in 28 patients with se-
vere to life-threatening anemia (Table 3). The levels of serum
ferritin in most patients were very low;< 5 ng/mL in 40 (63%)
patients, < 10 ng/mL in 46 (72%) patients, < 25 ng/mL in 52
(81%) patients, and < 45 ng/mL in 60 (94%) patients. Four
nonanemic ID cases with serum ferritin of 46e87 ng/mL had a
transferrin saturation of 20e22%. TIBC was elevated in 42
(66%) patients, but remained normal in 22 (34%) cases (Table
3). The incidence of high TIBC or transferrin saturation ratio
between ID and IDA at different stages was significantly
different (Fisher’s exact test, < 0.0001; Table 3).
Response to iron replacement and antifungal
therapy
Most patients subjectively felt a better sense of well-being
within a couple of weeks of therapy. Oral stomatitis
resolved completely within 1e2 months (Figure 2 and
Table 1 Oral manifestations and the degree of anemia in 64 iron deficiency (ID) patients.
Anemic Statusa Case No. Oral symptoms & signs
AC AG PC EC POM BM ROU MRG CMC PHC Chc
Nonanemic 14 4 2 4 0 0 0 0 1 0 1 1
Mild 10 6 2 4 4 0 2 2 0 0 0 0
Moderate 12 8 8 6 6 0 4 0 2 1 1 1
Severe 20 16 18 10 12 14 8 2 0 1 0 0
Life-threatening 8 6 8 4 4 6 4 0 0 0 0 0
Total cases 64 40 38 28 26 20 18 4 3 3 2 2
% 100 63 59 44 41 31 28 6 5 5 3 3
AC Z angular cheilitis; AG Z atrophic glossitis; BM Z burning mouth; Chc Z cheilocandidosis; CMC Z chronic mucocutaneous can-
didosis; EC Z erythematous candidosis; MRG Z median rhomboid glossitis; PC Z pseudomembranous candidosis; PHC Z papillary
hyperplastic candidosis; POM Z pale oral mucosa; ROU Z recurrent oral ulcer.
a The degree of anemia is scaled as mild (Hb 10.0 g/dL to normal limits), moderate (Hb 8.0e9.9 g/dL), severe (Hb 6.5e7.9 g/dL), and
life-threatening (Hb < 6.5 g/dL) by the hemoglobin level.
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3e4 months was needed to return iron stores back to
normal. The iron supplement therapy with ferrous gluco-B
300 mg (38 mg Fe2þ) or ferric hydroxide polymaltose com-
plex 357 mg (100 mg Fe3þ) was individualized by one or two
times a day based on severity of deficiency. The antifungal
therapy with nystatin 500,000 U or 1,000,000 U three times
a day was given initially and provided much benefit when
oral candidosis existed. The tongue pain disappeared or
improved markedly in 80% after antifungal therapy for
2e4 weeks. Simultaneously, regeneration of tongue papilla
was observed in these patients. Nystatin remained the first
option for oral candidosis and it worked well by direct
contact with the affected tissues for enough time and
dosage. Obviously, oral candidosis responded better to
nystatin capsule formulation than nystatin suspension,
because saliva dilution often lets suspension concentration
fall below the therapeutic doses. Patients were emphati-
cally informed to hold the nystatin capsule in the mouth
and suck slowly for a longer time (3e5 minutes) before
swallowing. The usage of fluconazole 50 mg once a day for
chronic mucocutaneous candidosis can be a therapeutic
alternative in the first 2 weeks and often brought a reliable
outcome. However, a delayed response and inevitable
relapse of oral mucosa changes occurred when the iron
therapy was not adequate and the predisposing factor of ID
could not be alleviated. Blood values in 62 (97%) patients
returned to normal after iron therapy for several months.
Two patients remained mildly anemic even though the
colorectal cancers had been well treated. A few patients
complained about recurrent oral changes several years
later and needed iron replenishment again due to inade-
quate iron absorption (Table 4).Discussion
Diagnosis of ID, with or without anemia, is not always easy.
ID tends to develop slowly, adaptation occurs, and patients
often tolerate their symptoms and assume these are
normal. They become aware of an improvement only when
the symptoms disappear. Generally, young and otherwise
healthy people experience much fewer symptoms thanolder, multimorbid ones.4,15 In the study, all patients (50
IDA and 14 ID without anemia) showed relatively few
symptoms except fatigue. Nevertheless, oral mucosa al-
terations had appeared, so ID was sufficient to promote oral
manifestations even in the absence of anemia.4,15
From the results of this study, angular cheilitis and AG
remained the most common oral manifestations of ID. They
were often accompanied by Candida infection with a vari-
ety of clinical forms of pseudomembranous candidosis,
erythematous candidosis, median rhomboid glossitis,
chronic mucocutaneous candidosis, papillary hyperplastic
candidosis or cheilocandidosis.14e27 Angular cheilitis as a
component of chronic multifocal candidosis and AG as
Candida glossitis can present erythematous or pseudo-
membranous candidosis.14e20 The median rhomboid glos-
sitis which often occurs in anemic or diabetic patients is
associated with Candida infection, not a developmental
anomaly.24,25 Two of three study patients with median
rhomboid glossitis also had diabetes. Median rhomboid
glossitis as a variant of erythematous candidosis was
confirmed by complete response to antifungal therapy. The
papillary hyperplastic candidosis is often involved in the
denture-bearing palatal mucosa.26,27 However, it can exist
in immunodeficient patients such as ID cases without den-
tures. The chronic mucocutaneous candidosis can be
congenital but rare.20 The vast majority of cases with
chronic mucocutaneous candidosis in adult life nowadays is
acquired and often associated with internal diseases with
secondary immunodeficiency, such as diabetes, thymoma,
endocrine disorders, HIV infection, and IDA. Fletcher et al16
reported that saliva from ID patients with mouth lesions
contained much Candida and supported the growth of
Candida. Higgs and Wells20 reported that of 31 patients
with chronic mucocutaneous candidosis, 23 were iron
deficient, and nine of 11 improved with iron therapy alone,
with a regression of oral lesions and developed delayed
hypersensitivity to Candida. All these findings illustrate
explicitly a high prevalence of oral candidosis in iron-
deficient patients, which is compatible with our results.
The possibility of Candida infection in ID may be due to
impaired cellular immunity.8,9 However, impaired lympho-
cyte function cannot entirely explain the mouth lesions and
growth of Candida in saliva, since it was equally depressed
Figure 1 Patients with oral mucosal alterations and a variety of oral candidosis led to iron deficiency (ID) or ID anemia (IDA)
diagnosed. (A) Angular cheilitis and partial atrophic glossitis in a 28-year-old female showing ID and moderate anemia. (B) In-
flammatory papillary hyperplastic candidosis (PHC) of palate in a 25-year-old woman showing ID without anemia. (C, D) Angular
cheilitis, erythematous glossitis, and PHC of palate in a 16-year-old girl with cerebral palsy showing ID and moderate anemia. (E)
Chronic mucocutaneous candidosis (CMC) over lips and tongue in a 56-year-old female showing ID and moderate anemia. (F)
Pseudomembranous candidosis (PC) of right buccal mucosa and atrophic glossitis in a 76-year-old man showing IDA and severe
anemia. (G, H) Angular cheilitis and atrophic glossitis with pseudomembranous candidosis in a 38-year-old woman showing ID and
life-threatening anemia (Hb only 4.5).
Iron deficiency and oral mucosa alterations 623in patients with and without mouth lesions. Therefore,
local factors such as the effects of lack of iron on the oral
flora change and the epithelial abnormalities may be
important. Iron is essential for the growth of all cells. Many
studies have reported a highly significant reduction in the
total epithelial thickness, particularly the thickness of the
maturation compartment, and low enzyme levels in thebuccal epithelium of iron-deficient patients.28 Continued ID
leads to reduced Hb levels that carry insufficient oxygen to
oral mucosa and finally result in mucosal atrophy.28,29 All of
these studies indicate that ID, either acting locally or via
systemic mechanisms, could significantly affect the path-
ogenesis of oral candidosis. This provides new insight that
iron therapy could bring benefit in the management of
Figure 2 Oral mucosa changes in iron-deficient patients before therapy. (A) Cheilocandidosis in a 62-year-old female with iron
deficiency anemia (IDA). (C) Median rhomboid glossitis in a 60-year-old man with diabetes and IDA; (E) Atrophic glossitis as
erythematous candidosis in a 58-year-old female with ID and severe anemia. (G) Atrophic glossitis in a 60-year-old female with IDA
and moderate anemia. All showed complete resolution and regeneration of tongue papilla after oral iron plus antifungal therapy
1 month later (B, D, F, H).
624 S.-Y. Lumucosal candidosis.8,9 Some of the stomatitis-related oral
candidosis could be cured by iron therapy alone, but is
difficult to eradicate as long as ID remains.8e16 A few study
patients complained about recurrent oral changes due to
inadequate iron absorption several years later and needed
iron replenishment again. The results implied that the final
eradication of oral candidosis was by a host defense sys-
tem, and long-term diet therapy was important for IDA
patients.4,9,16IDA is described classically as a microcytic anemia.
However, up to 40% of pure IDA cases are normocytic.2e5
Moreover, the presence of microcytosis does not neces-
sarily imply IDA and can be produced by other anemias,
such as anemia of chronic diseases (ACD), sideroblastic
anemia, and thalassemia.2e5 Although not always defini-
tive, a microcytic anemia associated with an elevated RDW
favors a diagnosis of IDA rather than ACD.4e7,15,30 By
contrast, microcytic anemia associated with increased RBC
Table 2 Classification of 64 iron deficiency (ID) patients based on hemoglobin (Hb), mean corpuscular volume (MCV) and red-
cell distribution width (RDW).a,b
Anemic
Status
(Hb)c
Patient No. Low MCV
Microcytic
Normal MCV
Normocytic
High RDW
Heterogenousb
Normal RDW
Homogenous
High RDW
Heterogenous
Normal RDW
Homogenous
Nonanemic 14 (22) 0 (0) 4 6 4
Mild 10 (15) 4 (40) 1 3 2
Moderate 12 (19) 8 (75) 0 3 1
Severe 20 (31) 17 (85) 3 0 0
Life-threatening 8 (13) 8 (100) 0 0 0
Total cases 64 (100) 37 (58) 8 (12) 12 (19) 7 (11)
Data are presented as n or n (%).
Hb Z hemoglobin; MCV Z mean corpuscular volume; RDW Z red-cell distribution width.
a The incidence of low mean corpuscular volume (MCV) (p < 0.0001) and high red-cell distribution (RDW; p Z 0.0077) between iron
deficiency (ID) and ID anemia (IDA) at different stages indicated significant difference (Fisher’s exact test). It showed a tendency that
the more the progression of anemia, the higher the incidence of typical heterogenous microcytosis.
b Percentage means the ratio of the case number and their individual anemic status cases.
c The degree of anemia is scaled as mild (Hb 10.0 g/dL to normal limits), moderate (Hb, 8.0e9.9 g/dL), severe (Hb, 6.5e7.9 g/dL), and
life-threatening (Hb, < 6.5 g/dL) by hemoglobin level.
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ever, a mixture of macrocytosis and microcytosis along with
normalization of MCV may exist if the patient had coexis-
tent chronic diseases, deficiency of folate or vitamin B12,
or was in the early stage of IDA.15,23 In the study, none had
elevated RBC, up to 19 (30%) ID patients remained normo-
cytic, and 15 (23%) cases were homogenous (normal RDW).
This clarified that a normal MCV or RDW cannot exclude ID
from being the cause of the anemia.
The results of the study clearly indicated a tendency
that the more the progression of anemia, the higher theTable 3 Classification of 64 iron deficiency (ID) patients
based on hemoglobin, serum iron, ferritin, total iron binding
capacity (TIBC), and transferrin saturation.a,b
Anemic status
Hemoglobin (Hb)
g/dL
Patient
No.
Transferrin
saturation
Iron/TIBC
(%)
Low iron and
low ferritin
High
TIBCb
Normal
TIBC
Non-anemic 14 (21) 13e22 2 (14) 12
Mild (> 10.0) 10 (16) 5e15 4 (40) 6
Moderate
(8.0e9.9)
12 (19) 3e9 8 (67) 4
Severe (6.5e7.9) 20 (31) 2e5 20 (100) 0
Life-threatening
( < 6.5)
8 (13) < 2 8 (100) 0
Total cases 64 (100) 64 (100) 42 (66) 22 (34)
p < 0.0001 < 0.0001
Data are presented as n (%) unless otherwise indicated.
a The incidence of high total iron binding capacity (TIBC) or
the transferrin saturation ratio between iron deficiency (ID) and
ID anemia (IDA) at different stages was significantly different
(Fisher’s exact test, < 0.0001).
b Percentage means the ratio of the case number and their
individual anemic status cases.incidence of low MCV, high RDW, high TIBC, and low iron/
TIBC ratio. The differences between ID and IDA at different
stages were statistically significant. As a general rule, an
MCV of < 70 fl, and a transferrin saturation of < 16% are
found only in IDA.7,15 A low serum ferritin (< 30 ng/mL)
unequivocally means ID, whether accompanied by anemia
or not.1e5,15 As serum ferritin can be elevated in the
presence of ACD or any type of chronic inflammation
(usually defined by an elevated C-reactive protein level),
ID could exist even with levels of ferritin up to 100 ng/
mL.3e7 In this case, the assay of TIBC, iron, transferrin
saturation (Fe/TIBC) or serum transferrin receptor activity
may be helpful if the ferritin level is above 45 ng/mL and
MCV is not low enough.6,15,32 Increased serum transferrin
receptor levels are found in IDA but remained normal in
ACD, because it does not respond to inflammation.32 Pa-
tients with sideroblastic anemia have nearly complete
saturation of serum transferrin, so it is very easy to
differentiate them from ID patients.4 When all other tests
fail, demonstration of the absence of stainable iron via a
bone marrow biopsy remains the gold standard for diag-
nosis of ID and IDA.4e7
For most ID patients, the cause is more important than
anemia itself. So IDA should not be the final diagnosis until
the origin is known. In the study, a colorectal cancer was
found in two of 16 (12.5%) patients older than 65 years. In a
population-based cohort study of > 700 adults with IDA, 6%
were diagnosed with a gastrointestinal malignancy.4 How-
ever, the risk of malignancy is 9% in IDA patients older than
65 years.4 In retrospective studies of 148 IDA patients with a
mean age of 66.2 years in Taiwan, 18 (12.2%) patients ac-
quired gastrointestinal malignancy, 10 (6.8%) patients ac-
quired benign tumors, 96 (64.9%) patients acquired other
benign conditions, and only 24 (16.2%) patients showed no
detectable lesions.2,33 For many patients, the usual endo-
scopic study will be prescribed because it can identify the
origin of IDA in more than half of the cases. To begin with
gastroscopy or colonoscopy should be indicated by
Table 4 Oral disease activity of 64 iron deficiency (ID) patients during the iron supplement and antifungal therapy.
Excellent responsea Partial responseb
Anemic status Nonanemic Mild Moderate Severe Life threaten Nonanemic Mild Moderate Severe Life threaten
Patient No. 14 10 12 20 8 14 10 12 20 8
Within 2 wk 8 5 0 0 0 6 5 12 20 8
Within 4 wk 12 8 9 15 5 2 2 3 5 3
Within 8 wk 14 10 12 20 8 0 0 0 0 0
Remission time (mo) 28 36 36c 40c 36c
Average follow -up time (y) 2.5 3.5 4.0 4.5 4.0
a Excellent response: 80e100% remission of symptoms and signs.
b Partial response: 50e75% remission of symptoms and signs.
c One patient with iron deficiency anemia (IDA) had recurrent oral mucosa changes after several years and needed iron supplement
plus antifungal therapy again.
626 S.-Y. Lusymptoms or age. In a patient older than 50 years who
lacked symptoms, the diagnostic work-up should begin with
colonoscopy.4 Effective oral iron therapy can result in a
monthly increment of Hb level about 1e2 g/dL.4,15 In the
absence of response to oral iron, or existing severe anemia,
the digestive diseases should always be investigated by
repeating endoscopic studies.4
The study demonstrates that ID is the prime promoting
factor in the development of oral mucosa alterations;
anemia is merely a late manifestation of ID. The most
widespread but less well characterized ID should always be
considered in every case of oral mucosa changes with
intractable oral candidosis when no obvious causes are
found.
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